Uncoupling of the ATPase activity from the branch migration activity of RuvAB protein complexes containing both wild-type and ATPase-defective RuvB proteins.
Escherichia coli RuvAB promotes branch migration of Holliday junctions during recombination repair and homologous recombination. RuvB forms a hexameric ring through which duplex DNA passes and is translocated in an ATP-dependent manner. ATPase-deficient RuvB mutant K68A has a mutation in the Walker A motif and exerts a dominant-negative effect on in vivo repair of UV-induced DNA damage. In this study, we examined RuvAB-dependent branch migration in the presence of a mutant RuvB, K68A. Mixing K68A with wild-type RuvB resulted in the formation of heterohexamers that showed unique properties of DNA binding, ATPase, and branch migration activities different from those of either wild-type or mutant homohexamers. RuvB heterohexamers inhibited branch migration and caused Holliday junctions to accumulate during RecA-mediated strand exchange. In the presence of RuvA, RuvB heterohexamers had Holliday junction-dependent ATPase activity, but did not promote branch migration. These results suggest that functional cooperation among the subunits in the hexamers is required for branch migration, but inclusion of inactive subunits is tolerated for ATP hydrolysis. Therefore, we propose that an essential ATP hydrolysis-dependent functional cooperation is induced in RuvB hexamer subunits during RuvAB-mediated branch migration.